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Abstract 

Background: Despite the growing diffusion of robotic devices in neurorehabilitation, no previous study investigated 
the effects of robotic training on arm impairment due to Parkinson's disease. The aim of this pilot study was to 
evaluate whether robot-assisted arm training might improve upper limb function in patients with Parkinson's disease. 

Findings: Ten patients with Parkinson's disease (Hoehn and Yahr stage 2.5-3) received ten, 45-minute, treatment 
sessions, five days a week, for two consecutive weeks. Robot-assisted arm training was performed with the Bi-Manu- 
Track (Reha-Stim, Berlin, Germany) that provides a computer-controlled, repetitive, bilateral, mirror-like practice of 
forearm pronation/supination and wrist extension/flexion. Patients were trained according to the following modalities: 
passive-passive (both arms moved by the machine) and active-active (both arms actively moving against resistance). 
The dominant upper limb was evaluated before and immediately after treatment as well as at two weeks of follow-up. 
Outcomes were the nine-hole peg test, the Fugl-Meyer assessment (upper limb section) and the Unified Parkinson's 
Disease Rating Scale. After treatment, a significant improvement was found in the nine-hole peg test {P = 0.007) as well 
as in the upper limb section of the Fugl-Meyer assessment [P = 0.01 2). Findings were confirmed at the 2-week follow- 
up evaluation only for the nine-hole peg test (P = 0.007). No significant improvement was found in the Unified 
Parkinson's Disease Rating Scale at both post-treatment and follow-up evaluations. 

Conclusions: Our findings support the hypothesis that robot-assisted arm training might be a promising tool in order 
to improve upper limb function in patients with Parkinson's disease. 
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Introduction 

Parkinsons disease (PD) is an idiopathic neurodegenera- 
tive disorder due to a progressive loss of dopaminergic 
neurons in the substantia nigra pars compacta [1]. Typ- 
ical features of PD are bradykinesia (slowed movement), 
hypokinesia (poverty of movement), rigidity and resting 
tremor [1,2]. Even if impaired manual dexterity with 
progressive limitations in reaching, grasping and fine 
motor tasks has been described in PD, to date evidence 
base for upper limb intervention strategies in parkinson- 
ian patients is lacking [3]. 

Robotic arm training (RAT) was found to effectively im- 
prove upper limb function in patients with neurological 
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disorders, such as stroke [4], As to PD, forced use, task- 
specific, intensive, training programs based on robotic de- 
vices were found to effectively improve lower limb func- 
tion [5-10]. Despite the growing diffusion of robotic 
devices in neurorehabilitation, to date no previous study 
investigated the effects of robotic training on arm impair- 
ment due to PD. The aim of this pilot study was to evalu- 
ate whether RAT might improve upper limb function in 
patients with PD. 

Methods 

This study was performed in the Neurorehabilitation 
Unit of the Azienda Ospedaliera-Universitaria Integrata 
of Verona, Italy. Inclusion criteria: confirmed diagnosis 
of idiopathic PD according to the UK Brain Bank Criteria 
[11]; Hoehn and Yahr (H&Y) stage of 2.5 or 3 determined 
in the "on" phase [12]; Mini Mental State Examination 
score >24 [13]. Exclusion criteria: severe dyskinesias or 
"on-off ' fluctuations; change of PD medication during the 
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study; deficits of somatic sensation involving the upper 
limbs; other neurological or orthopedic conditions involv- 
ing the upper limbs. 

All participants were outpatients and gave their in- 
formed written consent for participation in the study, 
which was carried out according to the Declaration of 
Helsinki and was approved by the Ethics Committee of 
the Department of Neurological and Movement Sciences 
of Verona University. 

During the study, participants were instructed to take 
their normal PD medications: they were tested and 
trained during the on phase (1 to 2.5 hours after taking 
morning dose). Participants did not perform any type of 
rehabilitation in the three months before the study, nor 
undergo any form of training other than that scheduled 
in the study protocol. 

Treatment procedures 

Each patient underwent a training program consisting of 
ten, 45-minute sessions (including rest periods), five days a 
week (from Monday to Friday) for two consecutive weeks. 

Robot-assisted arm training was performed with the 
Bi-Manu-Track (Reha-Stim, Berlin, Germany) that pro- 
vides a computer-controlled, repetitive, bilateral, mirror- 
like practice of forearm pronation/supination and wrist 
extension/flexion according to three modalities: passive- 
passive (both arms moved by the machine), active- 
passive (one arm driving the other), and active-active 
(both arms actively moving against resistance) [14]. As 
shown in Figure 1, patients sat at a height- adjustable 
table with their elbow bent at 90°, putting their forearms 
into an arm trough and grasping a handle (written 




Figure 1 Robot-assisted arm training. 



informed consent for the publication of this image was 
obtained). Each training session consisted of two parts 
with a 5-minute rest between them. First we trained 
forearm pronation/supination for 20 minutes: 10 mi- 
nutes of passive-passive mode (100 repetitions) followed 
by 10 minutes of active-active mode (100 repetitions). 
Then we trained wrist extension/flexion for 20 minutes: 
10 minutes of passive-passive mode (100 repetitions) fol- 
lowed by 10 minutes of active-active mode (100 repeti- 
tions). Amplitude and resistance were set individually. 

Testing procedures 

Patients were evaluated before (TO), immediately after 
treatment (Tl) (primary endpoint) and at two weeks of 
follow-up (T2). The same rater evaluated all patients. 

Outcome measures 

The nine-hole peg test (NHPT) was used to assess dom- 
inant hand dexterity. We required patients to take 9 
pegs from a container placing them into 9 holes on a 
board and vice versa as quickly as possible. Score was 
the time taken to complete the test activity [15]. 

The Fugl-Meyer assessment (FM) was used to evaluate 
dominant upper limb motor ability to perform selective 
movements. The FM upper limb section allows a max- 
imum score of 66, with sub-scores of 36 for the upper 
arm, 10 for the wrist, 14 for the hand, and 6 for coordin- 
ation and speed of movement [16,17]. 

The Unified Parkinsons Disease Rating Scale (UPDRS) 
was used to measure disease severity in PD. It has three 
subscales: I-mentation, behavior, and mood (range 0- 
16); II-activities of daily living (range 0-52); Ill-motor 
examination (range 0-108). Total score is the sum of 
these subscales (range 0-176) [18,19]. 

Statistical analysis 

Statistical analysis was carried out with SPSS 21.0 (SPSS 
Inc, Chicago, IL). The Friedman test was used to analyze 
overall changes in performance between the different 
evaluation sessions. In the presence of significant main 
effects, the Wilcoxon signed ranks test was used on the 
Tl vs. TO, T2 vs. TO and T2 vs. Tl comparisons to de- 
termine any significant difference. Descriptive analysis 
was used to evaluate the effect size measures (Cohens d 
calculation) and the 95% confidence intervals [20]. The 
level for significance was P < 0.05. The Bonferroni cor- 
rection was used when investigating multiple compari- 
sons (P< 0.016) [21]. 

Results 

Ten right-handed subjects (7 males and 3 females; mean 
age 70.7 years) presenting with idiopathic PD (mean dur- 
ation 7.1 years) were recruited from among 18 outpatients 
consecutively admitted to our Neurorehabilitation Unit 
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Table 1 Row data of patients' performance in all outcome measures 




Before treatment 


After treatment 


Follow-up 


Outcomes 








Median (IQR) 


Median (IQR) 


Median (IQR) 


Nine-hole peg test (s) 


16.20 (15.80 to 18.18) 


13.80 (13.06 to 14.92) 


13.80 (13.08 to 15.13) 


Fugl-Meyer assessment (0-66) 


60.00 (57.25 to 62.00) 


65.00 (62.50 to 65.75) 


63.50 (62.00 to 65.75) 


UPDRS motor examination (0-108) 


16.00 (12.25 to 18.50) 


14.50 (13.25 to 15.75) 


15.00 (13.25 to 16.00) 


UPDRS total (0-176) 


34.50 (25.27 to 37.75) 


30.00 (24.00 to 34.00) 


27.50 (23.00 to 34.00) 



Abbreviations: IQR Interquartile range, s seconds, UPDRS Unified Parkinson's Disease Rating Scale. 



from April to October 2012. No dropout was observed. 
No adverse event occurred during the study. Row data 
(medians and interquartile ranges) of patients' perform- 
ance at TO, Tl and T2 evaluations are reported in Table 1. 

As to the NHPT, a significant overall change was 
found between the three time points (P = 0.007; x 2 = 
9.800). A significant difference was found at both Tl vs. 
TO (P = 0.007) and T2 vs. TO (P = 0.007) comparisons. 
As to the FM, a significant overall change was found be- 
tween the three time points {P = 0.003; x 2 = 11.400). A 
significant difference was found only at Tl vs. TO (P = 
0.012) comparison. As to the UPDRS, no significant 
overall change was found between the three time points 
(P = 0.062; x 2 = 5.568) at the Friedman test. Treatment 
effects in all outcome measures are reported in Table 2. 

Discussion 

Our results show that ten, 45-minute sessions of RAT 
may improve fine and gross motor function of the dom- 
inant upper limb in patients with PD (H&Y 2.5-3). As 
measured by the NHPT, improvements of fine motor 
function were maintained also at the follow-up examin- 
ation. Conversely, no significant change was found in 
the UPDRS. 

In people with PD, altered upper limb function gener- 
ally manifests as impaired timing and force modulation, 
progressively affecting the quality of hand movement 
[3]. Even if intensive, task-specific, practice has been 
proposed to reduce arm impairment due to PD, the 
most effective rehabilitative approach in order to best 



facilitate upper limb skill learning has not yet been de- 
fined [3]. Our preliminary findings about the role of 
RAT in PD are in keeping with those evidences about 
the effective use of robotic devices provide task-specific, 
intensive, training programs in patients with progressive 
lower limb functional impairment due to PD [5-10]. Fur- 
thermore, our findings are in line with those of Lee and 
colleagues, which examined the effects of constraint- 
induced movement therapy in twenty patients with PD 
(H&Y 2-3), observing significant improvements of fine 
and gross motor performance of the upper limb after 
twenty, 3-hour, treatment sessions [22]. 

In order to understand why RAT showed to improve 
upper limb function in PD, we hypothesize that several 
repetitions of rhythmic arm movements could act as an 
external proprioceptive cue, by reinforcing the neuronal 
circuits that contribute to the upper limb movements. In 
particular, RAT provides an external rhythm that could 
improve motor output bypassing the deficient internal 
motor generation system (including the supplementary 
motor area and basal ganglia) that would support the 
generation on actions based on intention and internal 
reference frame [22]. In addition, it is plausible that the 
strengthening effect of RAT would play a role. In line 
with this issue, a previous case series study by Combs 
and colleagues, described a significantly reduction of dis- 
ability as well as an improvement of quality of life after a 
training program based on 24 to 36 boxing sessions in 6 
patients with PD (H&Y 1-4) [23]. Unfortunately, the 
Authors did not evaluate upper limbs function before 



Table 2 Treatment effects in all outcome measures 

Comparisons 95% Confidence interval 



Outcomes 



Wilcoxon signed ranks test (Effect size) 



Tl vs. TO T2 vs. TO T2 vs. Tl Tl vs. TO T2 vs. TO T2 vs. Tl 

P value (Z) P value (Z) P value (Z) (r) (r) (r) 

Nine-hole peg test (s) 0.007 (-2.701 )* 0.007 (-2.701 )* 0.359 (-0.91 8) 1 .90 to 4.78 (-0.60) 1 .73 to 4.34 (-0.53) -1 .07 to 0.47 (0.08) 

Fugl-Meyer assessment (0-66) 0.012 (-2.527)* 0.018 (-2.371) 0.606 (-0.516) -6.31 to -1 .28 (0.45) -5.53 to -1 .26 (0.41) -1 .62 to 2.42 (-0.07) 

UPDRS motor 0.097 (-1 .658) 0.1 74 (-1 .358) 0.334 (-0.966) -0.34 to 2.54 (-0.14) -0.40 to 2.00 (-0.1 1) -1 .05 to 0.45 (0.04) 
examination (0-108) 

UPDRS total (0-176) 0.046 (-1.995) 0.037 (-2.082) 0.813 (-0.214) 0.26 to 6.73 (-0.20) 0.54 to 6.65 (-0.20) -1.30 to 1.50 (-0.01) 

Abbreviations: UPDRS Unified Parkinson's Disease Rating Scale. 
* = statistically significant after Bonferroni correction (P<0.016). 
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and after treatment [23]. Thus, we cannot directly com- 
pare their data with ours. 

This pilot study was limited by the lack of a control 
group and the small sample size. Furthermore there is 
no long-term follow-up evaluation and no assessment of 
activities of daily living. 

Conclusions 

Our preliminary findings support the hypothesis that 
RAT might be a promising tool in order to improve 
upper limb function in patients with PD. However, there 
is the possibility that changes observed in this pilot 
study might be due to a placebo effect. Furthermore, it 
would be useful to evaluate RAT not only in terms of ef- 
fectiveness but also in terms of costs and time taken to 
prepare the treatment setting. On these bases, future, 
properly sized, randomized controlled trials dealing with 
RAT compared to conventional/non-robotic rehabilita- 
tion are needed in order to further validate our results. 
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